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ABSTRACT 
This study examined the degree to which core reading-related latent constructs, such as reading 
comprehension, language comprehension, word decoding, non-word decoding, phonological awareness, 
and speed, are equivalent and reflective of the same underlying constructs across different age groups of 
poor readers. Within this framework, we also worked to better understand whether poor readers at 
different ages are similar or different in their pattern of relationships among core reading-related 
constructs. The sample was poor readers at different ages, including 430 elementary students, 584 middle 
school students and 236 adults. Using confirmatory factor analysis, four models of reading were tested for 
each age group. Different models of reading were found to best represent reading-related skill across the 
three groups of poor readers. Specifically, for the elementary school students, reading-related skills were 
highly correlated and reading skills were best represented by a two-factor model, including the factors of 
literacy and language comprehension. For the middle school students, latent correlations between reading-
related skills were lower than the elementary students and the best fitting model was the four-factor model, 
including factors of decoding, reading comprehension, speed, and language comprehension. Lastly, 
reading-related skills for the adult sample were best represented by the six-factor model, including 
distinct factors of phonological awareness, non-word decoding, word decoding, reading comprehension, 
speed, and language comprehension.  
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1 INTRODUCTION 
1.1 Reading 
Research on the relation between reading comprehension and decoding skills suggests that as 
children get older, the correlations between reading comprehension and measures of phonological 
awareness and decoding decrease (Ouellette & Beers, 2010; Vellutino, Tunmer, Jaccard, & Chen, 2007). 
When students are first learning to read they are primarily dependent on decoding skills in order to read 
text and comprehend it. However, as students get older, they are able to automatically decode many of the 
words they comprehend in oral language. As a result, language comprehension skills play an increasingly 
important role in reading comprehension (Vellutino et al., 2007). Although there seems to be 
developmental changes in the relationships between reading comprehension, decoding, and language 
comprehension, there are additional factors that are likely influencing these relationships.  
 Historically, one of the models that greatly influenced thinking about reading was the Simple 
View of Reading (SVR) (Gough & Tunmer, 1986). The SVR, a conceptual framework, suggested that 
reading comprehension is influenced by both decoding and language comprehension skills. People limited 
in either decoding or language comprehension skills would have limited reading comprehension skills. 
Decoding and language comprehension are considered equally important and dissociable skills in the 
development of reading skills (Kendeou, Savage, & Broek, 2009). Research suggests that models 
including decoding and language comprehension account for between 40% and 70% of the variance in 
reading comprehension (Cutting & Scarborough, 2006; Joshi & Aaron, 2000). Support for these 
interrelationships is generally considered strong in a variety of populations, including in elementary 
students (Verhoeven & van Leeuwe, 2008), middle school students (Cirino et al., 2013), and even adults 
(Sabatini, Sawaki, Shore, & Scarborough, 2010). This project aims to identify the inter-relationships 
between core reading-related constructs, such as those described by the SVR, for poor readers of different 
ages. More specifically, we will examine the similarities and differences in the relationships between 
reading-related constructs for poor readers of different ages.  
 
2 
 
 
 
1.2 Decoding  
Decoding, a core skill in reading development, is considered to be comprised of multiple 
subcomponent skills. According to the original description by Gough and Tunmer (1986), decoding is 
defined as the ability to “read isolated words quickly, accurately, and silently (p. 7).” In general, studies 
have operationalized decoding using timed and untimed measures of pseudoword decoding and single 
word reading (Ouellette & Beers, 2010), as well as using measures that assess phonological awareness 
(Oakhill, Cain, & Bryant, 2003). Although Gough and Tunmer (1986) emphasize the importance of speed 
and automaticity in decoding, many studies have measured decoding using non-timed measures 
(Silverman, Speece, Harring, & Ritchey, 2013). Surprisingly, even though automaticity, or quick 
individual word recognition, has historically been a strong predictor of reading fluency and 
comprehension, many studies fail to include timed measures. Similarly, reading fluency has also generally 
been thought of as rapid word reading; however, newer conceptualizations suggest that reading fluency 
involves reading with speed and the simultaneous comprehension of text (Norton & Wolf, 2012). 
Scarborough (2001) suggests that skilled reading takes the form of two interweaving strands: word 
recognition and language comprehension. Word recognition has been considered as three subcomponent 
skills: decoding, sight recognition, and phonological awareness (Scarborough, 2001). According to this 
idea, as children develop in reading, all subcomponent word recognition skills become increasingly 
automatized. In this way, word recognition must become very efficient and quick so that cognitive 
resources can focus upon the comprehension of written material.  
Another issue with the conceptualization of the decoding component involves the role of 
phonological awareness, or knowledge of, and ability to manipulate, the sound structure of language. 
Most researchers agree that phonological awareness is critical for reading, especially as it contributes to 
early reading ability (Vellutino, Fletcher, Snowling, & Scanlon, 2004). More specifically, it appears that 
as students’ reading ability improves in later elementary school, phonological awareness has increasingly 
less influence on literacy (Mehta, Foorman, Branum-Martin, & Taylor, 2005). Similarly, another study 
found that phonological awareness added only a small, but statistically significant amount of variance to 
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prediction of word reading ability (Wagner et al., 1997). Specifically, the predictive ability of 
phonological awareness appeared to decrease as students progressed through elementary school.  
Phonological awareness is considered a strong predictor of early reading ability and can 
differentiate between readers of different ability levels (Blachman, 2000). Some researchers therefore 
conceptualize phonological awareness as a factor that influences early decoding development, which is 
then thought to influence later reading comprehension (Vellutino et al., 2007). In contrast, other 
researchers suggest that word decoding, non-word decoding and phonological awareness each influence 
one another during development (Hogan, Catts, & Little, 2005). Similarly, Mehta and colleagues (2005) 
found that reading-related measures of decoding, passage comprehension, phonological awareness, 
written language and spelling were best represented as a unitary literacy construct and not as separate 
constructs. Interestingly, of these measures, decoding, passage comprehension and spelling appeared to be 
the strongest indicators of literacy. Thus, although decoding is considered a strong predictor of reading 
comprehension, the exact role and strength of the relation between phonological awareness and decoding 
with people of different age groups is still open for debate.   
1.3 Language Comprehension 
Language comprehension is a skill that highlights the importance of language development in 
reading comprehension. In Gough and Tunmer’s (1986) conceptualization, listening comprehension and, 
more generally, language competence, was defined as “the process by which, given lexical (i.e. word) 
information, sentences and discourses are interpreted (p. 7).” Studies have used a variety of measures to 
operationalize the construct of language comprehension including measures of oral comprehension (e.g., 
understanding of oral language), expressive vocabulary (e.g., words person can produce), receptive 
vocabulary (e.g., words person can recognize while listening or reading), and word knowledge (e.g., 
words person can define) (Silverman et al., 2013; Tunmer & Chapman, 2012). For younger, elementary-
aged children, measures of reading comprehension appear to be consistently highly correlated with 
measures of word definitions as well as expressive/receptive vocabulary (Berninger & Abbott, 2010; 
Ouellette & Beers, 2010). There is more inconsistency regarding the strength of the relationship between 
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more purely language comprehension measures with reading comprehension at this age (Berninger & 
Abbott, 2010; Oakhill & Cain, 2012; Vellutino et al., 2007). Interestingly, when a language 
comprehension construct (e.g., tasks included oral comprehension, following directions, and story recall) 
was separated from a vocabulary construct for low literacy adults, vocabulary appeared to have little 
additional influence on reading comprehension above and beyond these language comprehension tasks 
(Sabatini et al., 2010). This suggests that specific language comprehension tasks may have a stronger 
relationship with reading comprehension in adults whereas vocabulary measures may have a stronger 
relationship with reading comprehension in younger readers.  
1.4 Speed of Lexical Access 
A related reading construct is that of speed of lexical access. Frequently this has been studied 
using rapid naming tasks, or timed naming of common stimuli, such as colors or letters. Some research 
suggests that rapid naming, like phonological awareness, involves lexical access; others suggest that rapid 
naming measures the changing of visual symbols into phonological codes by using the long-term memory 
system (Denckla & Rudel, 1974). Thus, given the first conceptualization above, rapid naming and 
phonological awareness would, at least partially, be measuring the same underlying process. However, 
those that support the second conceptualization, argue that decoding and rapid naming differ conceptually. 
More specifically, Norton and Wolf (2012) argue that phonological awareness and rapid naming are only 
moderately correlated, differentially predict reading skills, and have different biological bases. In studies 
involving children and adults, researchers are still debating whether timed reading and naming measures 
are most associated with decoding abilities or should be treated as a separate construct (Mellard, Fall, & 
Woods, 2010; Sabatini et al., 2010). To address this debate, researchers have repeatedly included timed or 
speed-related components, such as measures of processing speed, reading fluency or rapid naming to 
current, more comprehensive models of reading, than the simplistic framework originally suggested by 
the SVR (Cutting & Scarborough, 2006; Joshi & Aaron, 2000; Kershaw & Schatschneider, 2012; 
Silverman et al., 2013).  
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One of these models, the component model of reading (CMR) (Joshi & Aaron, 2000), adds 
reading speed to the more traditional decoding and language comprehension constructs, and has garnered 
some support (Johnston & Kirby, 2006). Such timed measures account for an additional 1 to 10% of 
variance in reading comprehension on top of decoding and language comprehension (Cutting & 
Scarborough, 2006; Silverman et al., 2013). When measured as text-decoding fluency (e.g., speed at 
reading a passage), this appears to possibly have a larger impact than decoding on reading across grades 3, 
7, and 10 (Kershaw & Schatschneider, 2012). Interestingly, in one study, rapid naming had stronger 
effects on reading in struggling readers compared to stronger readers (Johnston & Kirby, 2006). This 
difference may suggest that there are some possible constructs, such as rapid naming, that may help 
account for more of the variance in reading comprehension, especially for struggling readers. In sum, 
some studies have not found support for the addition of a naming fluency component to more traditional 
models of reading (Adlof, Catts, & Little, 2006), while others have found naming fluency to have 
significant, but notably small additional effect on reading comprehension (Johnston & Kirby, 2006). 
Whether naming fluency-related constructs add significantly to a developmental reading model is still 
open to debate. There is notably less research on the role of speed compared to other reading-related 
variables; however, the research available is somewhat conflicting in terms of the impact of speed on 
reading development, especially for poor readers. 
1.5 Developmental Changes in the Relationship between Reading Constructs 
A paucity of research exists regarding developmental changes in the relationships among all of 
these reading-related constructs, such as reading comprehension, language comprehension, word 
decoding, non-word decoding, phonological awareness, and speed. This is particularly true in poor 
readers. This study not only looks at these inter-relationships for poor readers, but poor readers of 
different ages. Oral language skills develop early in life as children hear, learn, and eventually produce 
language. Decoding skills come later, generally toward the end of preschool or early elementary school. 
Research suggests that oral language and decoding are separable constructs from preschool onward 
(Kendeou, Van den Broek, White, & Lynch, 2009). Although decoding and language comprehension 
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have been shown to have differential contributions to reading, they are also correlated from an early age. 
For example, in a study of preschool-aged children, oral language skills predict 28% of the variance in 
decoding ability (Kendeou et al., 2009). As typical readers get older and improve in reading ability, there 
is increased shared variance between language comprehension and decoding, which is thought to be 
attributed to the reciprocal nature of these skills (Oakhill & Cain, 2012). That is, as children read 
increasingly more difficult texts, their skills in decoding and reading fluency not only increase, but they 
are also exposed to more vocabulary and complex sentences. Thus, reading comprehension increases as 
other reading-related skills also improve.  
Across studies with younger elementary students, correlations between decoding and reading 
comprehension generally range from .60 to .80 (San Chen & Vellutino, 1997; Tunmer & Chapman, 2012; 
Wise, Sevcik, Morris, Lovett, & Wolf, 2007); in this same age group, the correlations between language 
comprehension and reading comprehension are generally slightly lower and more variable (Ouellette & 
Beers, 2010; Vellutino et al., 2007). However, as children get older and become more fluent decoders, 
measures of language comprehension and oral vocabulary appear to play an increasing role in reading 
comprehension (Kendeou, Van den Broek, et al., 2009; Kershaw & Schatschneider, 2012; Ouellette & 
Beers, 2010; Rupley, Willson, & Nichols, 1998; Vellutino et al., 2007). In summary, this suggests that the 
influence of language comprehension on reading comprehension is initially limited while decoding is 
weak. Yet, as decoding skills increase, there is increasing reliance on language comprehension skills 
while comprehending written text.  
For a visual representation of the relation between reading comprehension and word decoding 
among typical and poor readers of different ages, see Figure 1. The correlations presented were compiled 
from correlations provided in the reviewed studies, but is not considered to be a comprehensive review, so 
is limited. For an in-text visual representation of the relation between reading comprehension and 
language comprehension for typical and poor readers by age, see Figure 2. Additional figures are 
available in the appendix showing the relationship between reading comprehension and non-word 
decoding (see Appendix A), speed (see Appendix B) and phonological awareness (see Appendix C) for 
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typical and poor readers across different ages. Although these graphs are limited by the studies reviewed, 
sample definitions and sizes, measures used, they do provide a graphic representation of the wide range of 
findings across studies and ages. It is noted that mean ages were estimated for each of the points when not 
available. 
  
Figure 1 Bubble plot of the correlation between reading comprehension and word decoding by age and 
sample size for poor and typical readers. 
**Note. The area of each bubble represents the sample or sub-sample size from the reviewed studies (n = 14). 
 
Recent research generally supports these developmental trends. As an example, in a large sample 
representative of the US population, researchers found that measures both of decoding and crystallized 
intelligence (which included language comprehension and word knowledge skills) had direct effects on 
reading comprehension across ages (Floyd, Meisinger, Gregg, & Keith, 2012). However, the pattern of 
effects was significantly different in people of different ages. Decoding was directly related to reading 
comprehension across age groups but these effects decreased notably with age. In contrast, crystallized 
intelligence was also directly related to reading comprehension; however, this relationship increased with  
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Figure 2 Bubble plot of the correlation between reading comprehension and language comprehension 
by age and sample size for poor and typical readers. 
**Note. The area of each bubble represents the sample or sub-sample size from the reviewed studies (n=16). 
 
age. Thus, inverse developmental relationships were observed for the influence of decoding and language 
comprehension-related skills on reading comprehension. This is consistent with other research suggesting 
that language comprehension related skills have less impact on reading comprehension for younger 
elementary school students (Ouellette & Beers, 2010; Vellutino et al., 2007). As such, crystallized 
intelligence, which involves many of the same skills as language comprehension, appears to be 
influencing reading directly. This study did not address the speed construct.    
 Similarly, Vellutino and colleagues (2007) compared structural models of reading for two 
different age groups: 2nd and 3rd grade students, and 6th and 7th grade students. The readers ranged from 
poor (i.e., less than 10th percentile on reading measure) to good (i.e., higher than 75th percentile). Using a 
model of reading development, the authors provide support for developmental changes in the prediction 
of reading from decoding and language comprehension. More specifically, the direct path between 
decoding to reading comprehension was significant for the younger group (0.65) and non-significant for 
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the older group (0.05). In contrast, although the paths for the younger and older groups were significant 
between language comprehension and reading comprehension, the younger group (0.36) was notably less 
than the older group (0.85). In another study of typical 3rd grade students, the direct paths to reading 
comprehension were fairly similar for decoding (.54) and language comprehension (.50) (Tunmer & 
Chapman, 2012). By 5th and 6th grade, however, decoding appears to have a significantly weaker 
relationship with reading comprehension whereas linguistic comprehension and cognitive abilities have 
increased association with reading comprehension (Rupley et al., 1998). This research suggests that 
language comprehension accounts for more variance in reading comprehension than word decoding 
starting at a reading level of approximately 4th grade. But not all research supports this view (Kendeou et 
al., 2009). Most of these studies included samples representative of a range of readers, or only average 
readers. It is unclear if this pattern of developmental changes in the predictors of reading comprehension 
applies to samples who are only poor readers across ages.  
1.6 Cumulative Effects of Poor Reading 
There is evidence that the differences in reading and language abilities between poor and good 
readers increase over time (see Matthew Effect; Stanovich, 1986). The practice of reading is thought to 
influence both the development of language and reading as people age. It is proposed that good readers 
have different reading habits than poor readers, which in turn impacts both reading and language 
development. More specifically, evidence supports that good readers read significantly more text than 
poor readers. As a result, these differences in reading impact the development of other reading-related 
skills, akin to a model of compound interest in which early, continued reading pays increasing dividends 
in later learning. As an example, reading is a key means of developing vocabulary. In one study, students 
with poor reading skills had reduced growth in vocabulary development over time compared to those with 
strong reading skills (Cain & Oakhill, 2011). Additionally, not only does fluent reading depend on the 
development of orthographic knowledge, but increased reading also appears to play a significant role in 
the development of automatic decoding, orthographic awareness and spelling pattern knowledge. For 
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example, as children develop stronger knowledge of letter names (Treiman & Rodriguez, 1999), they use 
this and initial understandings of letter sounds as means of recognizing parts of words.  
Hoover and Gough (1990) found that the correlations between decoding and listening 
comprehension frequently became negative when elementary school-aged samples were restricted to 
poorer readers. In contrast, for students with stronger reading comprehension skills, these skills were 
positively correlated. This suggests that reading-related constructs may have different relationships in 
poor readers than more typically developing readers. Other research has supported this suggestion and 
offered that reading skill level significantly influences the relationship between reading-related skills. 
Wise and colleagues (2007) examined reading for 2nd and 3rd grade students with reading disabilities. 
Notably, although the path coefficient between word identification and reading comprehension was strong 
(.83), the path coefficient between listening comprehension and reading comprehension was essentially 
zero (.01). The researchers suggested that reading comprehension was a limited construct for this group 
based on their low decoding and pre-reading skills. In their model, the most parsimonious results showed 
expressive vocabulary and listening comprehension having significant paths to decoding ability.   
As poor readers get older, such as in low literacy adults, researchers have found that 
developmental models of reading comprehension do not apply well (Mellard et al., 2010; Nanda, 
Greenberg, & Morris, 2010). However, this research does suggest that lower literacy adults may have 
reading models that are more similar to much younger readers than typical adult readers (Mellard et al., 
2010). That is, decoding is much more influential than language comprehension or vocabulary on reading 
comprehension. Interestingly, in a study of adults of differing reading abilities, predictors of reading 
ability appear to vary based on their reading ability (Mellard & Fall, 2012). More specifically, the best 
predictors of reading comprehension for beginning and intermediate adult readers were word recognition, 
fluency, and decoding. Vocabulary, however, was not a significant predictor. For the more typical adult 
readers, the strongest predictor of reading comprehension was vocabulary; other predictors included 
language comprehension, decoding, and word recognition.  
11 
 
 
 
This project is focused on the question of understanding better the relationships among the 
various core reading-related constructs in 1) poor readers, and 2) across age-groups. It represents an 
attempt to better understand whether poor readers at different ages are similar or different in their pattern 
of relationships among core reading-related constructs. If similar across ages, is the pattern consistent 
with those seen in younger, typical readers, as Mellard et al. (2010) has suggested? If different, what do 
the differences suggest about the impact of age on changing core reading-related construct relationships? 
Do the changes suggest that older, poor readers are still developing along the typical development path, 
only at a much slower rate?   
1.7 Research Aims and Hypotheses 
This study examined the degree to which core reading-related constructs, such as reading 
comprehension, language comprehension, word decoding, non-word decoding, phonological awareness, 
and speed, are equivalent and reflective of the same underlying constructs across different age groups of 
poor readers. To accomplish this, we began with a modified measurement model of reading 
comprehension, decoding, language comprehension as well as fluency/speed related components that had 
good fit statistics and theoretical rationale (Nanda et al., 2010). This was then modeled separately using 
three developmental groups of poor readers: elementary school students, middle school students, and 
adults. We used fit statistics from these models to primarily assess construct issues around decoding. In 
doing this, we examined whether phonological awareness and decoding skills (e.g., word reading and 
non-word reading) appear to be separate components in the model. Additionally, we evaluated whether 
fluency tasks fit best with decoding/phonological skills or should be represented as a separate skill. The 
structural equation models also addressed whether decoding, phonological awareness, speed, and reading 
comprehension are best represented as a unitary literacy construct (Mehta et al., 2005). Lastly, as reading 
comprehension is the core outcome variable in most reading models, pathways between reading 
comprehension and other reading-related variables were closely examined.  
We hypothesized that the strength of the relationship between reading-related variables would 
differ between age groups of poor readers. More specifically, it was hypothesized that the association 
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between the constructs of reading comprehension and those of decoding and phonological awareness 
would decrease slightly with age. Research supports this pattern with typical readers; however, it is less 
clear with struggling readers, especially for adults who are poor readers. Additionally, it was expected 
that measures of language comprehension would be more strongly associated with reading comprehension 
with increasing age. It was also hypothesized that the addition of a fluency/speed latent construct would  
 
Figure 3 All Models of Reading-Related Factors Using Middle School Indicators. 
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have the strongest model fit in poor readers across the elementary and middle school age groups, as some 
studies with poor adult readers have found mixed results with the inclusion of a fluency variable.  
We also hypothesized that should the factor structure differ among the groups, we anticipated that 
the elementary school-aged poor readers would have reading-related skills that were represented by fewer 
reading constructs (Mehta et al., 2005; Wise et al., 2007, ). In contrast, we hypothesized that the adult 
poor readers would be more likely to have reading-related skills that are represented by a greater number 
of reading-related constructs (Nanda et al., 2010). 
2 METHOD 
2.1 Participants 
2.1.1 Elementary School 
Participants included 430 students diagnosed with developmental dyslexia and/or developmental 
reading disabilities in grades 1(n = 120), 2 (n = 189), and 3 (n = 121). Students were selected from public 
elementary schools in Atlanta (n = 147), Boston (n = 131) and Toronto (n = 152). Inclusion criteria 
included: (1) diagnosis of reading disability (e.g., diagnoses were made using low achievement criteria or 
ability-achievement discrepant criteria); and (2) first language of English. For additional information 
about the specific diagnostic criteria used see (Morris et al., 2012). Exclusion criteria included: (1) 
diagnosis of chronic medical or neurological conditions; (2) diagnosed emotional/psychiatric disorder; (3) 
hearing impairment; (4) uncorrected vision greater than 20/40. See Table 1 for a description of 
demographics and sample characteristics by age group. For participants in the study over multiple years, 
only baseline data from their treatment year data was included in the current study.  
2.1.2 Middle School 
Participants included 584 students diagnosed with developmental dyslexia and/or developmental 
reading disabilities in grades 6 (n = 185), 7 (n = 227), and 8 (n = 172). Students were selected from public 
middle schools in the metro Atlanta (n = 209) and Toronto (n = 375) areas. Inclusion criteria included: (1) 
diagnosis of reading disability (e.g., diagnoses were made using low achievement criteria or ability-
achievement regression corrected discrepancy criteria). For additional information about the specific 
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diagnostic criteria used see description (Frijters, Lovett, Sevcik, & Morris, 2013; Morris et al., 2012). 
Exclusion criteria included: (1) free of other developmental disorder or any injury or disease affecting 
brain function; (2) diagnosed language or psychiatric disorder; (3) hearing disorder; (4) diagnosis of any 
major medical condition; (5) enrollment in ESL classes. For participants who were in the study over 
multiple years, only the first year baseline data was included in this study.  
2.1.3 Adults 
The adult participants included 236 individuals who were enrolled in adult literacy classes. Adults 
were selected from a large, southeastern city in the United States and they volunteered to participate in a 
larger study. Adults reported a history of between 5 and 14 years of education (M = 10.08, SD = 1.55). 
Inclusion criteria included: (1) word reading ability between 3rd to 5th grade; (2) no reported history of 
significant neurological injury (e.g., stroke). Participants originally included native English speakers as 
well as immigrants from non-English speaking countries. In this study, only data from native English 
speakers were included in analyses to increase comparability with the child samples. 
Table 1 Demographics and Sample Characteristics by Age Group 
 
Demographics Elementary 
(n = 430) 
 
Middle 
(n = 584) 
 
Adult 
(n = 236) 
Gender frequencies    
     Male 270 389 67 
     Females 160 195 169 
Race frequencies    
     White 212 296 10 
     Black 167 200 218 
     Hispanic 11 63 3 
     Asian -- 15 0 
     Other/mixed 27 20 5 
Age     
     Range 5.42-9.92 10.67-15.58 16-68 
     Mean 7.56 12.17 34.69 
     Standard deviation 0.91  1.02 15.45 
 
 
2.2 Measures 
Generally the same or similar measures were given to all participants across samples. In some 
cases, however, different measures were used with different age groups. See Table 2 for a complete list of 
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the measures for each age group. Below, we discuss those measures originally used to measure each 
domain.  
 
Table 2 Measures by Domain for Elementary, Middle and Adult Participants 
 Elementary Middle  Adult 
 
Reading 
Comprehension 
WRMT-R/NU Passage 
Comprehension 
WJ-III Passage 
Comprehension 
WJ-III Passage 
Comprehension 
GORT-4 Comprehension SRI-2 Comprehension GORT-4 Comprehension 
Non-Word Decoding WRMT-R/NU Word 
Attack 
WJ-III Word Attack 
 
WJ-III Word Attack 
 
TOWRE PDE TOWRE PDE TOWRE PDE 
Word Decoding WJ-III Reading Fluency WJ-III Reading Fluency WJ-III Reading Fluency 
WRMT-R/NU Word ID WJ-III Letter-Word ID WJ-III Letter-Word ID 
 GORT-4 Accuracy 
 
SRI-2 Word Reading 
Accuracy 
GORT-4 Accuracy 
 
TOWRE SWE TOWRE SWE TOWRE SWE 
Speed/Rapid Naming RAN/RAS 
(Colors/Letters) 
RAN/RAS 
(Colors/Letters) 
CTOPP 
(Colors/Letters) 
Phonological 
Awareness 
CTOPP Blending Words CTOPP Blending Words CTOPP Blending Words 
CTOPP Elision 
 
CTOPP Phoneme 
Reversal 
CTOPP Elision 
 
Language 
Comprehension 
WORD-R (multiple 
definitions) 
WORD-2 (flexible word 
use) 
TOLD:3 Word Ordering 
 
PPVT-III WJ-III Oral 
Comprehension 
PPVT-III 
 
WASI Vocabulary WASI Vocabulary Boston Naming 
*Note: For identification purposes, measures available for only one age group are printed in italics.  
2.2.1 Reading Comprehension 
To assess reading comprehension skills, participants completed the Passage Comprehension 
subtest from the Woodcock-Johnson Tests of Achievement-Third Edition (WJ-III) (Woodcock, McGrew, 
& Mather, 2001) or the Woodcock Reading Mastery Tests- Revised/NU (WRMT-R/NU) (Woodcock, 
1998). For both Passage Comprehension subtests, participants read a short passage and identified a 
missing word. Normative data for the WJ-III were gathered from 8,818 people in over 100 communities 
in the United States. The sample was selected to be representative of the U.S. population from 2 to 90 
years and older. Split-half reliabilities for the WJ-III Passage Comprehension range from .73 to .96 
(median = .88); the test-retest reliability averaged to .92 across ages.  For the WRMT-R/NU, normative 
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data was collected in 1995 to 1996 from 3,184 students between grades 1 and 12 as well as 245 young 
adults between ages 18 and 22. The sample was representative of the 1994 US Census.  Passage 
comprehension from the original test items was adequate.    
The Gray Oral Reading Tests- Fourth Edition (GORT-4) (Wiederholt & Bryant, 2001) 
Comprehension score was used as an additional measure of reading comprehension. In this measure, 
participants answered multiple-choice comprehension questions about a passage they read. The norming 
sample included 1,677 people between the ages of 6 and 18, with characteristics representative of the 
1997 US census. Chronbach’s coefficient alphas for the comprehension scores ranged from .94 to .98. 
Alternative form reliability for comprehension scores ranged from .71 to .86.   
The Standardized Reading Inventory- Second Edition (SRI-2) (Newcomer, 1999) Passage 
Comprehension subtest was also used to measure reading comprehension. On this measure, participants 
were asked to read the passages orally and then silently. After reading the passage silently, participants 
were asked comprehension questions by the examiner. Normative data was collected from 1,099 students 
between the ages of 6 and 14 from a sample stratified to match the 1997 US census. Internal consistency 
reliability was measured using Cronbach's coefficient alpha, which averaged .97 for the Passage 
Comprehension subtest. Test-retest reliability correlation coefficients range from .83 to .90. Inter-rater 
reliability appears to range from 90% to 95%. Additionally, the manual presents adequate evidence for 
content, criterion and construct validity for the Passage Comprehension subtest.  
2.2.2 Non-Word Decoding 
To assess non-word decoding skills, participants completed the Word Attack subtest from the 
WJ-III (Woodcock et al., 2001) or WRMT-R/NU (Woodcock, 1998). For the Word Attack subtest, 
participants were asked to read nonsense words. For WJ-III Word Attack, split half reliability ranged 
from .78 to .94 (median = .87) and test-retest reliability was .83. On the WRMT-R/NU Word Attack, 
reliability information for the norms update was not reported. Reliability for the original test items was 
adequate. As an additional measure of non-word decoding, participants completed the Phonemic 
Decoding Efficiency subtest of the Test of Word Reading Efficiency (TOWRE) (Torgesen, Wagner, & 
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Rashotte, 1999). Specifically, participants were asked to read as many psuedowords as possible in 45 
seconds. Words on each list become increasingly long and more challenging. Norming data was collected 
from 1,507 people between the ages of 6 and 24 that were generally representative of the U.S. population 
in 1997. Reliability was assessed via alternative-form coefficients. Phonemic Decoding Efficiency 
alternative-form coefficients ranged from .91 to.97 with a mean of .94; test-retest reliability was .90. 
Authors described content validity and presented evidence for concurrent and predictive validity. 
2.2.3 Word Decoding  
To assess word decoding skills, participants also completed either the Letter-Word Identification 
subtest from the WJ-III (Woodcock et al., 2001) or the WRMT-R/NU Word Identification subtest 
(Woodcock, 1998). In WJ-III Letter-Word Identification, participants used reading skills to identify 
letters and words. Reliability was strong. Specifically, split half reliability ranged from .88 to .99 (median 
= .94) and test-retest reliability was .95 across ages on the WJ-III. The WRMT-R/NU Word Identification 
subtest was similar; however, it assessed only word decoding and not letter identification. Reliability was 
not reported for the WRMT-R/NU; the reliability for the original test items was adequate. Measures of 
reading decoding were used from accuracy measures included in the GORT-4 (Wiederholt & Bryant, 
2001) or the SRI-2 (Newcomer, 1999). More specifically, on the GORT-4, scores of accuracy (e.g., 
number of pronunciation errors, such as omissions, substitutions, etc.) were rated on a 0 to 5 scale for 
each passage read. Reliability of GORT-4 accuracy ranged from .87 to .95 with a mean of .91. On the 
SRI-2, scores of word reading accuracy were used to measure text decoding. Reliability for scores of 
word reading accuracy ranged from .78 to .92 with a mean reliability of .88; interscorer reliability was .90.  
To measure timed decoding, participants completed the TOWRE Sight Word Efficiency subtest 
(Torgesen et al., 1999), in which they were asked to read as many sight words as possible in 45 seconds. 
Sight Word Efficiency alternative-form coefficients ranged from .86 to .97 with a mean of .93; test-retest 
reliability was strong (.91). Timed decoding was also measured with the WJ-III Reading Fluency subtest 
(Woodcock et al., 2001). On this subtest, participants respond to yes or no questions after reading short 
sentences.  Reliability was calculated using Rasch analysis procedures as split half reliability is 
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inappropriate for speeded tasks. Reliability ranged from .87 to .94 (median = .90). Test-retest reliability 
was .88 across ages. 
2.2.4 Rapid Naming/Speed  
To assess rapid naming, participants completed the Rapid Automatized Naming and Rapid 
Alternating Stimulus Tests (RAN/RAS) (Wolf & Denckla, 2004) or the Rapid Letter Naming and Rapid 
Color Naming subtests of the Comprehensive Tests of Phonological Processes (CTOPP) (Wagner, 
Torgesen, & Rashotte, 1999). Specifically, scores for naming colors and letters will be used as these 
subtests align with the other rapid naming measure used in this study. On the RAN/RAS, participants 
named high-frequency stimuli (e.g., letters, colors), which were randomly grouped in five rows of ten 
objects for a total of fifty stimulus items. Participants were asked to name each stimulus item as quickly 
as possible without making any mistakes on all tests. Scores were based on the amount of time that was 
required to name all stimuli on each test. The norming of the RAN/RAS measure included 1,461 
individuals from 26 states, ranging in age from 5 years to 18.11 years. Characteristics of the normative 
sample were well-matched to that of the U.S. school-aged population using the United States Census data 
from 2001 for geographic region, age, gender, race/ethnicity, parental education obtained, and 
exceptionality status. Test-retest reliability coefficients ranged from .81 to .98 for all age groups and inter-
rater reliabilities coefficients ranged from .98 to .99 indicating a high level of agreement between raters. 
The manual presents adequate evidence for the validity of the RAN/RAS using content-description 
validity, criterion-prediction validity and construct-identification validity.   
The Rapid Letter Naming and Rapid Color Naming subtests of the CTOPP (Wagner et al., 1999) 
were used as an additional measure of rapid naming. The standardization sample for the CTOPP included 
1,656 individuals ranging in age from 5- through 24-years-old. The norming participants lived in 30 states 
and were representative of the United States population as a whole with regard to gender, race, ethnicity, 
residence, family income, educational attainment of parents, geographic regions, and disability status. 
Participants were asked to name high-frequency stimuli (e.g., lowercase letters and common colors) as 
fast as possible without making any mistakes on all tests. Scores were based on the amount of time that 
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was required to name all stimuli on each test. Alternative-form coefficients for Rapid Letter Naming 
ranged from .70 to .92 (average = .82) and for Rapid Color naming ranged from .74 to .92 (average = .82). 
Test-retest reliability was strong; the average coefficient across age groups for Rapid Letter Naming 
was .92 and for Rapid Color naming was .87. 
2.2.5 Phonological Awareness 
The CTOPP (Wagner et al., 1999) subtests of Blending Words, Phoneme Reversal and/or Elision 
were used to assess phonological awareness. Blending Words is a task that assesses blending of 
individually presented segments into whole words. Phoneme Reversal is a task that measures the extent to 
which an individual can reorder speech sounds to form words. Elision is a task that measures the ability to 
manipulate sounds in words. Internal consistency was measured for these subtests using Cronbach’s 
coefficient alpha. Coefficient alphas for Blending Words ranged from .78 to .89 (average = .84), for 
Phoneme Reversal ranged from .85 to .91 (average = .89), and for Elision ranged from .81 to .92 
(average .89). Average test-retest reliability across age groups was .73 for Blending Words, .79 for 
Phoneme Reversal and .82 for Elision. The correlations between the raters on all subtests ranged from .95 
to .99. Overall, concurrent and predictive validity were generally strong with the CTOPP phonological 
awareness subtests. 
2.2.6 Language Comprehension 
The Wechsler Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999) Vocabulary subtest 
was administered to participants as a measure of verbal abilities. The subtest of Vocabulary measures 
quality of oral definitions. The standardization sample for the WASI included 2,245 individuals ranging 
in age from 6 to 89 and was considered to be representative of the English speaking United States 
population. The mean split half reliability coefficient for the Vocabulary subtest was .89 for children 16 
and under. For this age group, test-retest reliability coefficients averaged .85. The authors also presented a 
variety of evidence for the validity of WASI Vocabulary. As for convergent validity, the WASI 
Vocabulary is highly correlated with the WISC-III Vocabulary (.72).   
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The WJ-III (Woodcock et al., 2001) Oral Comprehension subtest was used to measure language 
comprehension and listening ability. This subtest measures a participant’s ability to comprehend a short 
sentence and respond using syntactic and semantic cues. Split half reliability ranged from .66 to .94 
(median = .85) and test-retest reliability across age groups was .88. The Word Test – 2, Adolescent 
(Huisingh, Bowers, LoGiudice, & Orman, 2005) was used as a measure of oral language and vocabulary 
ability. Students completed the Flexible Word Use subtest, which asks students to describe two or more 
meanings for each stimulus item. The normative sample included 1,940 elementary students and 1,692 
adolescent students to reflect the school population in the United States by age, gender, race/ethnicity, 
socioeconomic status and educational placement. Test-retest reliability for this subtest ranged .67 to .93 
with a mean of .81. Internal consistency was also adequate with a mean of .80. Overall, content and 
convergent validity were also assessed and deemed adequate. Some participants completed a similar 
subtest, Multiple Definitions, from the WORD-R (Huisingh, Barrett, Zachman, Blagden, & Orman, 1990). 
As a measure of language comprehension, participants completed the Test of Oral Language 
Development, Intermediate, Third Edition (TOLD:3) (Hammill & Newcomer, 2008) Word Ordering 
subtest. The participant is asked to complete a correct sentence using a random-string of three to seven 
words. This is considered a measure of grammar and organizing.  Internal consistency reliability was 
above .84 for all subtests. Participants also completed the Boston Naming Test (Kaplan, Goodglass, 
Weintraub, Segal, & van Loon-Vervoorn, 2001), a 60-item test of confrontational naming. This measure 
has adequate reliability and validity. The Peabody Picture Vocabulary Test- Third Edition (PPVT-III) 
(Dunn & Dunn, 1997) was also used to measure receptive vocabulary for some participants. The norming 
sample for the PPVT-III included 2,725 individuals ranging in age from 2 to over 90 years old. 
Alternative-forms reliability ranged from .88 to .96, with a median of .94. Split-half reliability 
averaged .95 across all age groups. The authors describe adequate content validity, criterion validity, 
internal validity and criterion validity.  
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2.3 Procedure 
Data in the current study comes from previously collected data from reading intervention research 
studies. Although each of the three separate studies includes multiple time points, only baseline data is 
used in the current study. For additional information about procedures and participants for each study, 
please see the following overview articles for each age group: elementary school students (Morris et al., 
2012), middle school students (Frijters et al., 2013), and adults (Greenberg et al., 2011). All participants 
and, depending on the age of the participant, parents or guardians of the participants signed consent forms 
agreeing to participation in the study. Participants then completed all measures with psychometrists or 
doctoral-level graduate students trained in evaluation prior to receiving reading intervention. Research 
assistants at Georgia State University double-entered all data into SPSS files. The data were then crossed 
checked for accuracy and project coordinators resolved any scoring issues.  
3 RESULTS 
3.1 Descriptive Statistics 
Descriptive statistics are provided to document each of the skills being examined in this study. 
See Table 3 (elementary), Table 4 (middle), and Table 5 (adult) for descriptive statistics of the reading-
related variables separated by age group. Each table includes the number of subjects, mean, standard 
deviation, median, range of raw scores, skew and kurtosis statistics as well as the standard error for the 
skew and kurtosis statistics for all reading-related variables. To maintain the comparability of raw scores 
across groups, limited data transformations were used. Given the recommendation by Kline (2011) that 
indicators of the same latent construct should be positively correlated, we only transformed the rapid 
naming measures of colors and letters (e.g., RAN/RAS, CTOPP). More specifically, for these measures, 
we transformed the raw time scores on the rapid naming measures by centering (e.g., subtracting each 
score from the mean for each age group) and reverse scoring (e.g., multiplying all scores by negative one). 
To ensure meaningful interpretation of the descriptive statistics, rapid naming raw time scores were 
included in Tables 3-5; however, later analyses utilized the transformed rapid naming variables.   
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Table 3 Descriptive Statistics for Elementary School Students 
 
Variable N M SD Median Range Skew(SE) Kurtosis(SE) 
Reading Comprehension        
     WRMT PC 429 10.17 8.99 8 0-38 0.65(.12) -0.55(.24) 
     GORT-4 Comp 417 7.76 8.65 4 0-39 1.34(.12) 1.04(.24) 
Non-Word Decoding        
     WRMT WA 430 4.90 5.62 3 0-32 1.36(.12) 2.00(.24) 
     TOWRE PDE 415 5.14 5.56 4 0-30 1.48(.12) 2.49(.24) 
Word Decoding        
     WJ-III RF 383 8.92 9.80 6 0-40 0.89(.13) -0.17(.24) 
     WRMT WID 430 22.27 16.43 23 0-62 0.12(.12) -1.22(.24) 
     GORT-4 Acc 418 4.11 4.99 2 0-23 1.03(.12) 0.16(.24) 
     TOWRE SWE 422 21.89 15.48 21 0-86 0.58(.12) 0.02(.24) 
Speed/Rapid Naming        
     RAN-Colors 422 67.75 25.14 60 27-226 1.70(.12) 4.58(.24) 
     RAN-Letters 418 53.36 25.29 45 23-163 1.80(.12) 3.61(.24) 
Phonological Awareness        
     CTOPP BW 423 7.39 3.50 7 0-19 0.06(.12) 0.18(.24) 
     CTOPP Elision 423 5.54 3.09 6 0-18 1.08(.12) 2.84(.24) 
Language Comprehension        
     WORD-R MD 423 16.36 5.63 16 1-30 -0.03(.12) -0.39(.24) 
     PPVT-III 422 97.94 20.96 95 51-163 0.43(.12) -0.29(.24) 
     WASI Vocabulary  396 21.84 7.00 22 3-47 0.28(.12) -0.02(.25) 
 
Note. Raw scores are included. N = Number of participants, M = Mean, SD = Standard deviation, WRMT PC = Passage 
Comprehension, GORT-4 Comp = Comprehension score, WRMT WA = Word Attack, TOWRE PDE = Phonemic Decoding 
Efficiency, WJ-III RF = Reading Fluency, WRMT WID = Word Identification, GORT-4 Acc = Accuracy score, TOWRE SWE = 
Sight Word Efficiency, CTOPP BW = Blending Words, WORD-R MD = Multiple Definitions. 
 
3.2 Data Screening 
Normality was evaluated for each variable in all three age groups. Per recommendations of Field 
(2009) for large samples (i.e., 200 or more), we visually examined the shape of the distribution as well as 
the skew and kurtosis statistics. It is less meaningful to conduct significance tests of skew and kurtosis in 
large samples as the results are likely to be significant even when skew and kurtosis are not notably 
different from normal. All of the variables used fell below the absolute value cutoffs for “severe” non-
normality suggested by Kline (2005): skewness > 3 and kurtosis > 10. Normality was also evaluated using 
visual inspection of histograms and normal probability plots. The histogram data for the middle school 
and adult variables did not suggest severe deviations from normality. The histogram data for some of the 
reading-specific measures for the elementary school sample had positive skews. Inspection revealed that  
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Table 4 Descriptive Statistics for Middle School Students 
 
Variable N M SD Median Range Skew(SE) Kurtosis(SE) 
Reading Comprehension        
     WJ-III PC 584 24.60 4.98 25 7-27 -0.44(.10) -0.50(.20) 
     SRI-2 Comp 575 30.65 13.84 31 0-87 0.31(.10) 0.83(.20) 
Non-Word Decoding        
     WJ-III WA 584 12.93 5.32 13 2-32 0.39(.10) -0.17(.20) 
     TOWRE PDE 581 16.57 9.60 15 0-55 0.70(.10) 0.36(.20) 
Word Decoding        
     WJ-III RF 584 30.98 10.97 32 0-68 -0.52(.10) 0.65(.20) 
     WJ-III LW 584 44.20 7.35 45 22-65 -0.36(.10) 0.32(.20) 
     SRI-2 WRA 574 15.51 8.41 16 0-48 0.26(.10) 0.27(.20) 
     TOWRE SWE 581 53.87 13.82 57 9-86 -0.79(.10) 0.27(.20) 
Speed/Rapid Naming        
     RAN-Colors 573 43.70 10.96 42 24-105 1.46(.10) 3.88(.20) 
     RAN-Letters 574 29.83 8.87 28 15-85 1.72(.10) 4.73(.20) 
Phonological Awareness        
     CTOPP BW 577 11.40 3.82 11 0-20 0.24(.10) -0.63(.20) 
     CTOPP PR 578 3.54 2.72 3 0-13 0.83(.10) 0.48(.20) 
Language Comprehension        
     WORD-2 FWU 575 7.54 3.97 7 0-15 0.02(.10) -0.91(.20) 
     WJ-III OC 575 19.67 4.04 20 8-29 -0.33(.10) -0.16(.20) 
     WASI Vocabulary 581 35.33 7.11 35 12-56 0.03(.10) 0.08(.20) 
Note. Raw scores are included. N = Number of participants, M = Mean, SD = Standard deviation, PC = WJ-III Passage 
Comprehension, SRI-2 Comp = Comprehension score, WJ-III WA = Word Attack, TOWRE PDE = Phonemic Decoding 
Efficiency, WJ-III RF = Reading Fluency, WJ-III LW = Letter-Word Identification, SRI-2 WRA = Word Reading Accuracy 
score, TOWRE SWE = Sight Word Efficiency, CTOPP BW = Blending Words, CTOPP PR = Phoneme Reversal, WORD-2 
FWU = Flexible Word Use, WJ-III OC = Oral Comprehension.  
 
the skew was related to the significant number of raw scores of zero. Since the variables appeared to be 
reasonably normally distributed, maximum likelihood estimation was selected. The data was also 
screened for collinearity by identifying extremely high correlations (r > .90) between variables within 
each age group. None of the variables had collinearity with the other variables using this criterion; thus, 
all variables were used in analyses.  
Data were screened for outliers. More specifically, univariate data points more than 3 SDs either 
above or below the mean of each age sample were investigated. All outliers were first checked for data 
scoring or entry errors by confirming their values by cross-checking the original protocols. This revealed 
that less than one percent of all data for each age group met this outlier criterion. Also, scatterplot 
matrices for all reading-related domains (e.g., word decoding, reading comprehension, language 
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comprehension, etc.) were visually examined for each age group separately. For example, the scatterplot 
matrices for the domain of word decoding included scatterplots for each word decoding measure with the 
other word decoding measures. We examined these scatterplots to ensure that outliers did not 
significantly differ from the domain-specific relationships (i.e., scatterplots between indicators of the 
same domain) observed with same-age participants. Because outliers are best identified through 
theoretical models, and because of the small percentage identified, we confirmed the accuracy of the 
outlier values and the nature of their relationship with other variables, but selected to retain them in future 
analyses. 
Table 5 Descriptive Statistics for Adults 
 
Variable N M SD Median Range Skew(SE) Kurtosis(SE) 
Reading Comprehension        
     WJ-III PC 236 25.97 4.15 26 12-36 -0.39(.16) 0.41(.32) 
     GORT-4 Comp 231 25.38 9.85 22 7-49 0.47(.16) -0.67(.32) 
Non-Word Decoding        
     WJ-III WA 236 12.56 6.07 11 2-27 0.41(.16) -0.65(.32) 
     TOWRE PDE 236 16.62 10.49 14 0-53 0.94(.16) 0.72(.32) 
Word Decoding        
     WJ-III RF 236 38.27 9.40 38 15-67 0.34(.16) -0.10(.32) 
     WJ-III LW 236 49.31 4.57 49 42-57 0.05(.16) -1.12(.32) 
     GORT-4 Acc 233 17.90 8.12 17 2-37 .35(.16) -0.89(.32) 
     TOWRE SWE 236 63.81 11.23 63 30-91 0.07(.16) -0.04(.32) 
Speed/Rapid Naming        
     CTOPP-Colors 235 53.35 13.28 51 27-132 1.68(.16) 6.25(.32) 
     CTOPP-Letters 235 33.27 9.05 31 19-85 1.56(.16) 4.64(.32) 
Phonological Awareness        
     CTOPP BW 234 5.68 3.06 6 0-17 0.56(.16) 1.34(.32) 
     CTOPP Elision 235 6.42 2.45 6 0-18 1.28(.16) 5.78(.32) 
Language Comprehension        
     TOLD:3 WO 236 9.73 4.62 10 0-20 -0.13(.16) -0.62(.32) 
     PPVT-III 236 134.39 18.36 134 75-182 -0.31(.16) 0.72(.32) 
     Boston Naming 233 36.01 7.28 37 14-53 -0.33(.16) -0.22(.32) 
 
Note. Raw scores are included. N = Number of participants, M = Mean, SD = Standard deviation, PC = WJ-III Passage 
Comprehension, Comp = GORT-4 Comprehension, WJ-III WA = Word Attack, TOWRE PDE = Phonemic Decoding Efficiency, 
WJ-III RF = Reading Fluency, WJ-III LW = Letter-Word Identification, GORT-4 Acc = Accuracy score, TOWRE SWE = Sight 
Word Efficiency, CTOPP BW = Blending Words, TOLD:3 WO = Word Ordering.  
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Missing data was screened visually and through the use of Mplus software (Muthén & Muthén, 
2014). Missing data was assumed to be missing at random. The amount of missing data varied by age 
group. The elementary school participants had the most missing data with notable number of missing 
scores on the measures of WJ-III Reading Fluency (n = 47) and WASI Vocabulary (n = 34). Middle 
school participants had relatively low levels of missing data and the adult participants had very little 
missing data. Techniques used to address these missing data are included in the analysis section.    
3.3 Correlations  
Pearson correlations were conducted as a means of measuring the direction and strength of the 
relationships between the reading-related variables. See Appendix D (elementary), Appendix E (middle), 
and Appendix F (adult) for correlations completed separately for each of the three age groups. All 
correlations discussed were in the expected and positive directions, except when otherwise noted. 
3.3.1 Elementary 
For the elementary sample, bivariate correlations between measures of reading comprehension, 
word decoding, non-word decoding and phonological awareness were significant and ranged from strong 
to very strong. Measures of rapid naming had significant moderate to strong correlations with reading 
comprehension, word decoding, and non-word decoding measures; correlations between measures of 
rapid naming with language comprehension and phonological awareness measures were generally 
significant with weak to moderate strength. Measures of language comprehension had moderate to strong 
correlations with measures of reading comprehension, word decoding, non-word decoding, and 
phonological awareness. This suggests that many of the reading-related skills measured in this study are 
highly correlated for our youngest group of participants.  
3.3.2 Middle 
In the middle school sample, bivariate correlations between word decoding and non-word 
decoding were generally strong; additionally, measures of word decoding and non-word decoding had 
moderate positive correlations with one measure of phonological awareness. Unexpectedly, CTOPP 
Blending Words generally had negligible to weak correlations with other reading-related measures, 
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including CTOPP Phoneme Reversal, the other measure of the phonological awareness construct. 
Correlations between measures of reading comprehension with measures of word decoding and non-word 
decoding ranged from weak to moderate for the SRI Comprehension and were generally strong for WJ 
Passage Comprehension. Measures of language comprehension had moderate correlations with reading 
comprehension, negligible relationships with word decoding and non-word decoding, and weak 
relationships with measures of phonological awareness. Measures of rapid naming had negligible 
relationships with measures of phonological awareness and language comprehension, weak relationships 
with measures of reading comprehension and non-word decoding, and solidly moderate correlations with 
measures of word decoding.   
3.3.3 Adult 
In the adult sample, the relationship between measures of word decoding and non-word decoding 
varied for the two measures of reading comprehension. That is, the relationship between measures of 
word decoding and non-word decoding with WJ Passage Comprehension was weak to moderate in 
strength; in contrast, for GORT Comprehension, the relationship was negligible. The relationship between 
measures of word decoding and non-word decoding were moderate. Measures of language 
comprehension had a moderate relationship with reading comprehension and negligible relationships with 
word decoding and non-word decoding. The relationship between measures of rapid naming and reading 
were generally negligible; however, the relationship between both rapid naming of colors and letters had 
significant moderate correlations with WJ Reading Fluency and TOWRE Sight Word Efficiency.    
3.4 Testing the Structure of Reading Achievement  
In our exploration of reading comprehension and the relationship between reading-related 
variables across the different age groups, we used MPlus Version 7.3 (Muthén & Muthén, 2014). To 
decrease the possibility of methodological bias, we used multiple indicators for each latent construct. 
According to Kline (2011), each factor in CFA models should have at least two indicators, although three 
or four indicators per factor are recommended. In the following analyses, we used at least two indicators 
for each factor. Better model fit (Hu & Bentler, 1998) was characterized by the following: (1) non-
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significant chi-square values; (2) SRMR values of less than or equal to .05; (3) RMSEA values less than 
or equal to .08; and (4) CFI values greater than .90 (Marsh, Hau, & Grayson, 2005; Marsh, Hau, & Wen, 
2004). We began with the six-factor model in Figure 3 to estimate the CFA for each age group separately. 
During this process, attention was focused on identifying a good fitting model. Restrictions to the model 
were theory-driven based on studies described in the introduction and included the progressively more 
restrictive models, including the four-factor model, three-factor model, and two-factor model (Figure 3). 
3.4.1 Adult 
We first tested a similar six-factor model to one that had good fit statistics in previous research 
with this same sample of poor reading adults (Nanda et al., 2010). The six latent factors in this model 
included: Language Comprehension, Reading Comprehension, Word Decoding, Non-Word Decoding, 
Phonological Awareness, and Speed. The six-factor model (see Figure 4) fit the data adequately. The 
model met the predetermined RMSEA and CFI criteria for acceptable fit; however, it failed to meet the 
SRMR criterion (see Table 6 for all goodness of fit statistics). The loadings for all variables associated 
with Language Comprehension, Non-Word Decoding and Phonological Awareness factors were 
relatively strong (>.40). Lower than expected loadings were noted for WJ-III Reading Fluency on both 
the Reading Comprehension factor (0.24) and on the Word Decoding factor (0.33). The TOWRE PDE 
had a lower than expected loading on the Speed factor (0.24). Appendix H includes a complete listing of 
the relationship between the reading-related latent factors. Notably, the relationship between Reading 
Comprehension and Language Comprehension was high (.67) as was the relationship between Reading 
Comprehension and Word Decoding (.51). The relationship between Word Decoding and Language 
Comprehension was non-significant (.16). Phonological Awareness had more moderate correlations with 
Word Decoding (.38) and Reading Comprehension (.39), but larger relationship with Non-Word 
Decoding (.75). Interestingly, Speed only had one significant positive correlation with Word Decoding 
(.26).  
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Table 6 Goodness-of-Fit Indicators of Original and Modified Models of Reading-Related Factors for 
Elementary, Middle and Adult Samples 
Model χ2 df RMSEA 90% CI CFI SRMR Notes 
 
Elementary School – Original 
6-Factor       No convergence 
4-Factor       No convergence 
3-Factor       No convergence 
2-Factor 896.75 88 .15 (.14, .16) .85 .07  
 
Elementary School – Modified 
6-Factor 393.69 74 .10 (.09, .11) .94 .04 Theta not positive definite (RAN Letters); 
PSI not positive definite (Word Decoding); 
latent correlation between Word Decoding 
and Reading Comprehension is .99; atypical 
standardized loading of RAN Letters (1.04) 
on Speed. 
4-Factor 691.89 83 .13 (.12, .14) .89 .07 Theta not positive definite (RAN Letters); 
PSI not positive definite (Decoding); latent 
correlation between Word Decoding and 
Reading Comprehension is .99; atypical 
standardized loading of RAN Letters (1.04) 
on Speed. 
3-Factor 724.18 86 .13 (.12, .14) .88 .07  
 
Middle School – Original 
6-Factor 488.63 70 .10 (.09, .11) .91 .08 PSI is not positive definite (Non-Word 
Decoding); latent correlation between Non-
Word Decoding and Word Decoding is .83 
4-Factor 843.51 79 .13 (.12, .14) .84 .09  
3-Factor 1134.07 83 .15 (.14, .16) .78 .11  
2-Factor 1431.96 88 .16 (.15, .17) .72 .12  
 
Middle School – Modified 
6-Factor 591.81 74 .11 (.10, .12) .89 .08 PSI is not positive definite (Speed) 
4-Factor 959.23 83 .13 (.13, .14) .82 .10  
3-Factor 1218.03 86 .15 (.14, .16) .76 .11  
 
Adult – Original 
6-Factor 178.76 70 .08 (.07, .10) .92 .08  
4-Factor 306.63 79 .11 (.10, .12) .84 .10  
3-Factor 437.04 83 .13 (.12, .15) .75 .13  
2-Factor 638.73 88 .16 (.15, .18) .61 .14  
 
Adult – Modified 
6-Factor 257.06 74 .10 (.09, .12) .87 .09  
4-Factor 476.25 83 .14 (.12, .15) .72 .11  
3-Factor 573.33 86 .16 (.14, .17) .66 .13  
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Figure 4 Six-factor model of adult reading. 
**Note. Standardized path estimates and correlation coefficients are indicated by single-headed and 
double-headed arrows, respectively. Solid lines represent paths significant at p < .05. Dashed lines 
represent non-significant paths.  
 
Because of the low indicator loadings for WJ-III Reading Fluency and TOWRE PDE, and the fact 
that three indicators had cross-loadings (i.e., loaded on more than one factor), we decided to create a 
modified six-factor model that did not have cross-loadings. Specifically, we trimmed the original six-
factor model so that each indicator loaded on only one primary factor. Table 2 includes information about 
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the primary indicators for each factor. This modified six-factor model had poor model fit on all goodness 
of fit indicators compared to the original model. Most indicators for this model had similar or slightly 
larger standardized indicator loadings compared to the original six-factor model; however, the loading of 
WJ-III Reading Fluency on Word Deciding was larger in the modified model (e.g., .33 to .75). To 
maintain comparability across groups, modified models were conducted for all age groups for the six-
factor, four-factor, and three-factor models. The two-factor model did not have a modified model because 
this model has no cross-loading indicators.  
We tested a four-factor model that combined the latent factors of Word Decoding, Non-Word 
Decoding, and Phonological Awareness into a Decoding factor (Appendix G). Of note, in the six-factor 
model there was mixed support for combining this group of factors. For example, there were high 
correlations between Word Decoding and Non-Word Decoding (.75), and between Phonological 
Awareness and Non-Word Decoding (.68); however, the correlation between Word Decoding and 
Phonological Awareness (.38) was lower (Appendix H). This four-factor model is consistent with the idea 
that broad decoding skills would include real word and non-word decoding as well as phonological skills. 
All goodness of fit indicators the four-factor model suggested poor model fit. Indicators of the factors in 
this model were generally supported (> .40); exceptions included loadings for WJ-III Reading Fluency 
with Reading Comprehension (.28) and Decoding (.24), CTOPP Blending Words with Decoding (.37), 
and TOWRE PDE with Speed (.21). The relationship between the factors was fairly similar to the six-
factor model. More specifically, the relationship between Decoding and Reading Comprehension was 
small (.31) and the relationship between Decoding and Language Comprehension was non-significant (-
.03). The modified four-factor model also had poor model fit. Compared to the original four-factor model, 
the indicators generally had similar loadings; however, some of the indicators for the construct of 
Decoding changed in strength between the original and modified models, including WJ-III Reading 
Fluency (.24 to .62) and TOWRE SWE (.43 to .76). This modified model had similar latent correlations 
between factors compared to the original four-factor model with the exception of Speed and Decoding, 
which was stronger in the modified model (.44) compared to the original model (.12). 
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Next, we examined the three-factor model, which combined Decoding and Reading 
Comprehension into a Literacy factor (Appendix I). Given the relatively small relation between Reading 
Comprehension and Decoding (.31) in the four-factor model, there was limited statistical support for this 
combination of factors. As a result, it is not surprising that model fit became increasingly worse on all 
goodness of fit indicators with the three-factor model. Five factor indicators in this model had lower than 
expected loadings (< .40), including WJ-III Reading Fluency with Literacy (.35), CTOPP Blending 
Words with Literacy (.37), WJ-III Passage Comprehension with Literacy (.33), GORT-4 Comprehension 
with Literacy (.04) and TOWRE PDE with Speed (.18). Overall, the relationship between the factors was 
notably different compared with the previous model. More specifically, the relationship between Literacy 
and Language Comprehension was non-significant (.04) as was the relationship between Literacy and 
Speed (.14). Thus, combining Reading Comprehension with Decoding into a broad Literacy factor 
appears to impact the relationship between factors, such that the unique relationship between Reading 
Comprehension and Language Comprehension from the four-factor model (.67) is no longer significant. 
In the modified four-factor model, model fit was poor. Generally the indicator loadings and latent 
correlations between the factors remained similar compared to the original four-factor model; however, 
the relationship between Literacy and Speed increased significantly (.44).  
In the last adult model, the two-factor model, Literacy and Reading Comprehension were 
combined into a Literacy/Speed factor (Appendix J). The model fit indices for the two-factor model were 
unsatisfactory. There appeared to be poor fit for many indictors of the Literacy/Speed factor with low 
loadings (< .40) for CTOPP Blending Words (.24), CTOPP Elision (.38), CTOPP-Colors (.38), and 
GORT-4 Comprehension (.07). Interestingly, the correlation between the factors of Language 
Comprehension and Literacy/Speed was non-significant (.04), indicating that these factors are not 
significantly related for adults who are poor readers. Overall, with the adult sample, we concluded that the 
original six-factor model had the best goodness-of-fit indicators and additional models that decreased the 
number of reading-related factors revealed decreased model fit. 
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3.4.2 Middle School Sample 
Next, we examined the best fitting model of reading-related skills for the middle school students. 
We began with the six-factor model as this was the best fitting model for the adults. Just as with the adult 
model, the six latent factors in this model included: Language Comprehension, Reading Comprehension, 
Word Decoding, Non-Word Decoding, Phonological Awareness, and Speed (Appendix K). In the six-
factor model for the middle school sample, model fit statistics were relatively poor. The model met the 
predetermined CFI value, but not the RMSEA and SRMR values. Additionally, results revealed that the 
latent variable covariance matrix for the Non-Word Decoding factor was not positive definite. The causes 
for this may be too many parameters, non-normal distribution of data, and/or issues with model 
misspecification (Kline, 2011). Examination of the latent construct correlation matrix revealed high 
correlations between the Non-Word Decoding with both Word Decoding (.83) and Phonological 
Awareness (.71). This may be reflective of model misspecification in that Non-Word Decoding may not 
be a unique construct for this sample. The indicators of Non-Word Decoding were strong, including WJ-
III Word Attack (.86) and TOWRE PDE (.81). Four of the indicator loadings in this model were weak 
(< .40), including TOWRE PDE (.17), TOWRE SWE (.24), and WJ-III Reading Fluency (.28) on Speed, 
and WJ-III Reading Fluency (.21) on Word Decoding. Because of the significant issues with this model, 
we are cautious about placing too much emphasis on the relationship between the latent factors. The 
modified six-factor model also had poor fit and a non-positive definite latent variable covariance matrix 
for Speed. All indicator loadings in this model had support (> .40) and the latent correlations between 
constructs were similar to the original six-factor model.    
We then examined the middle school four-factor model, which combined the indicators for the 
factors of Non-Word Decoding, Word Decoding, and Phonological Awareness into a Decoding factor 
(Figure 5). The model had poor fit statistics, but did not have the same issues as the six-factor model. Five 
of the indicator loadings in this model were weak (< .40), including TOWRE PDE (. 05), TOWRE SWE 
(.29), and WJ-III Reading Fluency (.30) on Speed, and WJ-III Reading Fluency (.22) and CTOPP 
Blending Words (.04) on Decoding. The relationship between the latent constructs was generally similar 
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to the six-factor model. Specifically, there was a very strong relationship between Reading 
Comprehension and Decoding (.79), strong relationships between Reading Comprehension and Language 
Comprehension (.51) and between Decoding and Speed (.53), and a non-significant relationship between 
Decoding and Language Comprehension (.09). Fit statistics for the modified model were only slightly 
worse than the original model, which suggests that this more parsimonious model may be a stronger 
model. In this model, only two indicators were not supported, CTOPP Blending Words (.02) and CTOPP 
Phonemic Decoding (.38) on Decoding. The latent correlations between the factors were similar to that 
found in the original four-factor model. 
The three-factor model, which combined the factors of Decoding and Reading Comprehension 
into a Literacy factor (Appendix L), was a poor fit of the data. The fit for this model is poor compared to 
the four-factor model. In this model, indicator loadings for the factors were generally moderate to high. 
Yet, low loadings were noted for TOWRE PDE (.05), TOWRE SWE (.28), and WJ-III Reading Fluency 
(.24) on Speed; CTOPP-Blending Words also had a non-significant loading (.07) on Literacy. The 
relationship between the latent constructs was generally similar to the four-factor model with a high 
correlation between Literacy and Speed (.51) and low but significant correlation between Literacy and 
Language Comprehension (.18). Similar to the original three-factor model, the modified three-factor 
model had poor support. The indicator loading of CTOPP Blending Words (.05) on Literacy was non-
significant and had poor support. Latent correlations between factors were similar to that found with the 
three-factor model.  
The final model for the middle school sample, the two-factor model, examined the constructs of 
Language Comprehension and Literacy/Speed (Appendix M). The two-factor model had slightly worse 
model fit than the three-factor model. Most indictors had good fit, but CTOPP-Blending Words had a 
non-significant loading (.04, p = .32) on the Literacy/Speed factor. The latent correlation between 
Language Comprehension and Literacy/Speed was significant, but notably low (.13, p = .01). This was 
similar to the relationship between Language Comprehension and Literacy found with the adults. Overall, 
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with the middle school sample, we concluded that the four-factor model had the best support, although it 
had poor goodness of fit indicators.    
 
Figure 5 Four-factor model of middle school reading. 
3.4.3 Elementary School Sample 
For the elementary sample, we again started testing the structural equation models using the six-
factor model. We found that the original six-factor model did not converge. In contrast, the modified six-
factor model did converge (Figure 6); however, the latent variable covariance matrix was not positive 
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definite for Word Decoding and RAN-Letters had a residual covariance matrix that was not positive 
definite. Overall model fit was adequate for CFI and SRMR, and poor for RMSEA. In this model, the 
correlation between the factors of Decoding and Reading Comprehension was extremely high (.99). This 
indicates that Decoding and Reading Comprehension likely reflect the same construct in the elementary 
sample. The latent correlations between all factors were significant and generally high to very high.  
 
Figure 6 Modified six-factor model of elementary school reading. 
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The four-factor model that combined Word Decoding, Non-Word Decoding and Phonological 
Awareness into a Decoding factor also did not converge. To further probe the causes of non-convergence, 
we evaluated the modified four-factor model. From a statistical standpoint, combining Word Decoding 
and Reading Comprehension would be appropriate given the high correlation between these latent 
constructs. Thus, it is not surprising that the modified four-factor model had similar concerns to the 
modified six-factor model. This modified model revealed significant issues with fitting the data in the 
elementary sample, resulting in poor model fit. Specifically, the residual covariance matrix for RAN 
Letters was not positive definite and the latent variable covariance matrix for Decoding was not positive 
definite. The standardized loading of RAN-Letters on Speed was atypical (1.04) and likely related to the 
additional issues with this variable. The correlation between the factors of Decoding and Reading 
Comprehension was extremely high (.99), which suggests that these two factors are reflective of the same 
underlying construct. Additionally, results here indicate fundamental issues with the specification of both 
the original and modified models with many factors in the elementary school sample. Latent correlations 
between the factors ranged from high to very high.  
The three-factor model, which combined the Decoding factor with the Reading Comprehension 
factor into a Literacy factor, also did not converge. In contrast, the modified three-factor model did 
converge, yet had poor model fit (Appendix N). Specifically, each of the goodness of fit indicators was 
outside the predetermined range for good fit and the residual covariance matrix for Literacy was not 
positive definite. Indicator loadings for this model were generally very high; however, there was an 
atypical and unexpected standardized loading of CTOPP Letters on Speed (1.03). Overall, the latent 
correlations were much higher between reading-related factors for the elementary sample compared to 
both the middle school and adult samples. For example, the latent correlations were strong for the 
relationship between Language Comprehension and Literacy (.65) as well as between Speed and 
Decoding (.59).  
Lastly, the two-factor model (Figure 7) for the elementary sample was interpretable; however, it 
had poor goodness of fit indices. All indicator loadings were strong (>.5), with the exception of RAN- 
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Colors on the Literacy/Speed factor (.39). The latent correlation between the Language Comprehension 
and Literacy/Speed factors was high (.65). Although the goodness of fit indicators suggested very poor 
model fit, this two-factor model reflected the strongest model for the elementary school sample.  
 
 
Figure 7 Two-factor model of elementary school reading. 
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3.4.4 Ancillary Analyses – Why Did Models Fail? 
To further explore the relationship between the indicators and factors as well as the best fitting 
relationship between the factors, we conducted an exploratory factor analysis (EFA) for each age group. 
In this analysis, we tested two-, three-, four-, five-, and six-factor models for each age group to identify 
the best fitting model. This was especially important for the current study given the largely poor fitting 
CFA models. In the adult sample, we found that the four-factor model was the strongest fitting model that 
was generally theoretically sound (Appendix O). In this model, the indicators for the four factors 
included: (1) measures of Word Decoding and Non-Word Decoding; (2) measures of Reading 
Comprehension and Language Comprehension; (3) measures of Non-Word Decoding and Phonological 
Awareness, and CTOPP Blending Words; (4) measures of Speed, including CTOPP-Letters, CTOPP-
Colors, TOWRE PDE and TOWRE SWE. This model suggests that for poor reading adults, measures of 
Reading Comprehension appear to share variance with measures of Language Comprehension. 
Interestingly, these measures of Reading Comprehension only loaded significantly on this one factor. In 
contrast, for the younger group of poor readers, Reading Comprehension appeared to load on multiple 
factors. Additionally, speeded non-word reading (e.g., TOWRE PDE) does not appear to be a significant 
indicator of Speed.   
The EFA for the middle school students with the best fit was the four-factor model (Appendix P). 
In this model, the factors and related indicators (loading > .4) were: (1) measures of Word Decoding, 
Non-Word Decoding and Reading Comprehension; (2) measures of Non-Word Decoding, Word 
Decoding (except WJ-III Reading Fluency) and CTOPP Phoneme Reversal; (3) measures of Reading 
Comprehension, Language Comprehension and CTOPP Blending Words; and (4) measures of Speed as 
well as TOWRE SWE and PDE, and measures of Word Decoding. There were some similarities between 
this model and the four-factor CFA model described in the results. Interestingly, we found that a few 
reading-related measures did not load as strongly as we would expect for measures of a similar construct. 
For example, the two measures of Reading Comprehension in the study, WJ-III Passage Comprehension 
and SRI-2, loaded slightly differently on two factors. This suggests that each of these measures pulls for 
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use of slightly different skills. In addition, we found that each of two measures of Phonological 
Awareness, CTOPP Blending Words and CTOPP Phoneme Reversal, loaded above .4 on only one factor, 
but it was a different factor for each. In the middle school sample, the reading-related measures, 
especially Word Decoding, loaded notably with three of the four factors. This suggests that Word 
Decoding is more closely linked to the other factors than that postulated in our a priori models of reading. 
Additionally, Reading Comprehension and Language Comprehension appear to share variance in a factor. 
 Not surprisingly, the EFA for the elementary school sample had very high loadings and poor fit 
statistics for the models with a smaller number of factors. Specifically, the strongest model appeared to be 
the two-factor model (Appendix Q); however, nearly all of the factors loaded highly (>.4) on both of 
these factors. This suggests that perhaps the reading-related variables in the elementary sample would be 
best represented by a one-factor model instead of a two-factor model; however, fit would likely become 
slightly worse with a more parsimonious model.   
3.4.5 Developmental Differences 
Overall, we found interesting differences in model fit across the three age groups. Specifically, 
with the adult group, the six-factor model was the best fit for the data (Figure 4). Not only was this the 
best fit for the adults, but this model was also the best fitting of all the models we tested. In contrast, for 
the middle school group, the six-factor model had significant fit concerns as did the four-factor model. 
For this group, the best fitting model was the four-factor model (Figure 5), which nonetheless had 
relatively poor fit statistics. For the elementary school group, the two-factor model was the best fit of the 
data (Figure 7). Similar to the middle school sample, this model had poor fit statistics. The poor fit 
statistics found in the best middle school and elementary school models suggests that other models would 
likely fit the data better, which is discussed in the context of exploratory factor analysis in the discussion.   
4 DISCUSSION 
4.1 The Structure of Reading Achievement Across Ages 
This study examined the degree to which core reading-related latent constructs, such as reading 
comprehension, language comprehension, word decoding, non-word decoding, phonological awareness, 
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and speed, are equivalent and reflective of the same underlying constructs across different age groups of 
poor readers. Within this framework, we also worked to better understand whether poor readers at 
different ages are similar or different in their pattern of relationships among core reading-related 
constructs. We specifically examined developmental patterns among reading comprehension and other 
reading-related constructs. More specifically, our research questions examined: (1) the relation between 
reading comprehension and decoding across age groups; (2) the role of speed in relation to other reading-
related constructs; (3) the relation between reading comprehension and language comprehension across 
age groups; and (4) differences in factor structure in structural equation models among the three age 
groups.  
4.1.1 The Relation Between Reading Comprehension and Decoding Across Age Groups 
We found solid support for our hypothesis that the association between the constructs of reading 
comprehension and those of decoding and phonological awareness would decrease with age in poor 
readers. Previous research supported this trend with typical readers; however, it was unclear if the same 
trend would be evident in poor readers. In each of the CFA models we tested, the strength of the relation 
between reading comprehension and decoding-related constructs (e.g., word decoding, non-word 
decoding and phonological awareness) decreased notably with age. For example, the strength of the 
relation between reading comprehension and word decoding decreased with age in the elementary (.99), 
middle (.85), and adult (.52) samples in the modified six-factor model (see Appendix H for all 
correlations between latent constructs). The unacceptably high correlation between reading 
comprehension and word decoding (.99) for the elementary group suggests that these factors represent a 
unitary construct and are statistically indistinguishable. Previous research with first-grade students had 
similar findings (Byrne et al., 2007). Similarly, in the modified six-factor model, the strength of the 
relation between reading comprehension and non-word decoding decreased with age across the 
elementary (.89), middle (.63), and adult (.26) samples. The same pattern was also found between reading 
comprehension and phonological awareness for elementary (.76), middle (.51), and adult (.39) samples. 
Overall, the data trends in this study suggest that the relationship between reading comprehension and 
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decoding-related skills is high for young poor readers, but this relationship decreases notably with age for 
poor readers.  
Additionally, given that the adults in this study were selected for their very poor reading, it is 
somewhat surprising that the relationship between decoding constructs and reading comprehension is 
relatively low. Specifically, adult readers in this study were selected because they had word reading 
ability between the third- and fifth-grade levels. Previous research had evaluated whether adult poor 
readers have relationships between reading-related constructs that more parallel other typical adult readers 
or children with approximately the same reading level. These findings support the idea that the 
relationship between reading comprehension and decoding in adult poor readers is different than in poor 
reading children (Nanda et al., 2010). Support for this in typical adult readers, as well as typical children 
and adolescents, comes from a large factor-analytic study examining the structure of oral language and 
written language skills. In this study, Carroll (1993) found that oral and written language skills are 
minimally developed and not well differentiated in young children; however, as children get older, these 
skills become increasingly differentiated (Figure 8). As expected, certain factors that require the same 
general ability are more likely to be correlated than factors not requiring the same general skills.  
The skills tapped by the reading comprehension measures selected for this study are important to 
consider. The Woodcock Passage Comprehension task is a close exercise, in that students fill in the blank 
for a series of sentences according to the meaning of the remainder of the sentence. The early items 
generally require basic word reading and include picture clues. In contrast, the other measures of reading 
comprehension used, the SRI-2 and the GORT-4, included longer passages and asked students to answer 
questions about the passages. Given that the elementary students had nearly indistinguishable abilities 
with reading comprehension and word decoding, it is likely that the tasks demands were at least 
somewhat similar for the youngest participants. This same extremely high correlation was not found for 
the middle school and adult participants. Additionally, the decoding measures selected for this study may 
have influenced the relationships between factors. Specifically, the use of WRMT-Word Reading for the 
elementary sample was selected as a parallel task to WJ-III Letter-Word Identification, which was 
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Figure 8 Depiction of conceptual representation of language-related factors (Carroll, 1993, p. 147). 
**Note. Factors that are located close to other factors are highly correlated.  
 
administered to the middle school and adult participants. Yet, a critical difference between tasks is that 
the WRMT required only word reading whereas the WJ-III requires letter identification in early items and 
then word reading in later items. Because of the low reading skill of the elementary students in this study, 
using a measure of letter knowledge may have provided more information about alphabetic knowledge 
and literacy experience compared to a task with only word reading.   
4.1.2 Relation Between Speed and Other Reading-Related Factors Across Age Groups  
We also hypothesized that the addition of a fluency/speed latent construct would have the 
strongest model fit in poor readers across the elementary and middle school age groups, given that some 
studies with poor adult readers have found mixed results with the inclusion of a fluency variable. We 
found that the relation between speed and reading comprehension appeared to decrease with age in the 
modified six-factor model across the elementary (.55), middle (.36), and adult (.14) samples. Interestingly, 
Christopher and colleagues (2012) found that rapid naming tests of colors and objects generally had no 
impact on reading comprehension after accounting for processing speed; however, rapid naming tasks 
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using digits and letters predicted word reading and reading comprehension. This suggests that the type of 
stimuli named in a rapid naming task may influence the relationship between speed and reading 
comprehension, with stimuli such as letters having a stronger relationship with reading comprehension 
than objects. Additionally, in this study we used rapid naming tasks as well as timed reading tasks as 
measures of speed, thus we cannot establish the differential impact of rapid naming versus processing 
speed. In a previous study it was found that reading comprehension in low achievers was significantly 
predicted by measures of word and sentence reading fluency (Trapman, Gelderen, Steensel, Schooten, & 
Hulstijn, 2014). In our study, these measures loaded on both decoding factors (i.e., word decoding and 
non-word decoding) and the speed factor. It is possible that these types of measures should be treated as 
separate constructs. Overall, very few reading-related studies have included measures of speed as found in 
our review of the literature (Figure 4). Of those that have included measures of speed, the relationship 
between speed and reading comprehension appears to vary significantly in studies with no discernable 
pattern in developmental changes. Our study suggests that speed, specifically rapid naming measures, 
may have a decreased relationship with reading comprehension with age for poor readers.  
4.1.3 The Relation Between Reading Comprehension and Language Comprehension Across 
Age Groups 
We also hypothesized that measures of language comprehension would be more strongly 
associated with reading comprehension with increasing age as suggested by the SVR. We did not find 
support for this hypothesis. More specifically, we found little change in the relation between reading 
comprehension and language comprehension across groups. For example, in the six-factor model, there 
was no observable trend for changes in the relation between reading comprehension and language 
comprehension for the elementary (.72), middle (.55), and adult (.71) samples. Overall, previous research 
in this area is highly variable, which may reflect the great variety of measures used as indicators of both 
language comprehension and reading comprehension across studies. In our review of previous studies, we 
found that the relation between language comprehension and reading comprehension in both typical and 
poor readers appears to have a very slight positive trend with age (Figure 2). Yet, this relationship is more 
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complicated than previously suggested. For example, Tilstra, McMaster, Van den Broek, Kendeou, and 
Rapp (2009) found that in typical fourth grade readers language comprehension explained less variance in 
reading comprehension than it did for seventh grade students. In contrast, when seventh grade students 
were compared to ninth grade students, the relation between language comprehension and reading 
comprehension was not significantly different. This may suggest that once readers reach a certain 
threshold of reading proficiency, the relationship between language comprehension and reading 
comprehension levels out.     
The structure of language comprehension may also be more nuanced. For example, Foorman, 
Herrera, Petscher, Mitchell, and Truckenmiller (2015) found that listening comprehension and oral 
language were not different factors for kindergarten students; however, these were unique constructs for 
first and second grade students. Similarly, Wise and colleagues (2007) found that receptive and 
expressive vocabulary have differential influences on pre-reading skills for young elementary students 
with reading disabilities. Our study was limited to three measures of language comprehension and 
therefore we were not able to differentiate between these language-related constructs. We also clustered 
three years of grades in school for both the elementary school and middle school participants. Thus, 
differences within the age groups may exist, but they are not apparent in our data. For example, within the 
elementary sample, the raw scores for reading-related measures increased by grade as would be expected. 
Similarly, the adult sample selected came from a broad range of ages and differed some in educational 
experiences. The other notable concern with the construct of language comprehension was that the tasks 
used across the age groups differed in task demands. Compared to the other latent constructs, which 
generally had the same or very similar measures, the indicators of language comprehension varied 
significantly across the groups. For example, the task demands involved receptive vocabulary, verbal 
ability, confrontation naming, listening ability, and grammar. Because the task demands differed 
somewhat between the age groups, we can make limited conclusions about the role of language 
comprehension in relation to other reading-related skills across the age groups. 
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4.1.4 Factor Structure of Reading-Related Factors Across Age Groups  
We anticipated that if differences existed in factor structure among the groups, the elementary 
school-aged poor readers would have reading-related skills that were represented by fewer reading 
constructs (Mehta et al., 2005; Wise et al., 2007). This was confirmed by our analysis. The original six-
factor and four-factor models did not converge for the elementary sample suggesting significant concerns 
with models that separated reading-related skills into many unique constructs. Additionally, follow-up 
analyses on modified six-factor and four-factor models with indicators loading only on one primary 
construct revealed moderate to very high correlations between reading-related constructs for the 
elementary sample. In contrast, we hypothesized that the adult poor readers would be more likely to have 
reading-related skills that are represented by a greater number of reading-related constructs (Nanda et al., 
2010). This was also confirmed by our analyses. Specifically, for the adult sample, the strongest model of 
reading was the original six-factor model. These findings compare well to the meta-analysis by Tighe and 
Schatschneider (2014b), which examined the relationship between component reading skills for poor 
adult readers. Interestingly, the findings in our study are notably similar to the relationships found 
between reading comprehension and other variables in the Tighe and Schatschneider meta-analysis. That 
is, for poor reading adults in both our student and the meta analysis, stronger relationships were noted 
between reading comprehension and both language comprehension and real word decoding; moderate 
relationships were noted between reading comprehension and both non-word decoding and phonological 
awareness; a weak relationship was noted between reading comprehension and rapid naming.  
4.2 Theoretical Framework 
The results of this study have theoretical implications for the structure and relationship between 
reading-related latent factors for children and adults who are poor readers. Specifically, there appear to be 
developmental changes in both the constructs that best represent reading-related skills and also in the 
relationship between these constructs for poor readers. See Figure 9 for the best fitting models for each 
age group. We found that in the elementary school sample, reading-related skills were best represented by 
a two-factor model, including factors of literacy and language comprehension. This model best  
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Figure 9 Best fitting models of reading for elementary school, middle school, and adult samples. 
**Note. Non-significant paths not included in diagram.   
 
approximates the findings of Mehta and colleagues (2005) in that literacy appears to be a unitary 
construct for this age group. Notably, in our elementary school model we found that speed appeared to be 
part of the literacy construct. Additionally, we found that reading comprehension and decoding appear to 
be reflective of the same underlying construct in this age group. Thus, using decoding to predict reading 
comprehension skills, as suggested by the Simple View of Reading (Gough & Tunmer, 1986), would 
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have little substantive meaning in this sample given the extremely high relationship between these 
constructs. In contrast, for the middle school sample, reading skills appear to be best represented by a 
four-factor model, including factors of decoding, reading comprehension, speed and language 
comprehension. This model is more reflective of the SVR model with an additional speed component; a 
model with these constructs has been described as the “component model of reading” by Joshi and Aaron 
(2000). Lastly, we found that reading skills in poor reading adults were highly differentiated. That is, the 
best fitting model had six independent factors, including phonological awareness, non-word decoding, 
word decoding, reading comprehension, speed, and language comprehension. This is similar to the 
findings of Nanda and colleagues (2010) and suggests that reading-related abilities develop in distinct 
patterns in adults who are poor readers. 
4.3 Limitations and Future Directions 
There are various limitations in the current study. First, this study only evaluated models in poor 
readers who tend to have a limited range of low scores on reading-related measures. This limited range of 
scores can negatively impact structural equation modeling and other measures of variance and 
relationships. It would be interesting to compare these groups to similar aged groups of average and good 
readers to evaluate whether similar models of reading emerged. Next, some of our latent factors are just 
identified. Having factors that are over identified is ideal; however, we were limited by the available data 
from the previous studies. Thus, access to additional indicators could increase the strength of a future 
study addressing these questions. Also, in terms of measures, although many of the same measures were 
used across groups, some measures did not align across groups. This potentially affects the composition 
of the reading-related constructs, as well as the relationship between these constructs. This was most 
notably a problem with language comprehension, which varied significantly across the three age groups. 
Additionally, future studies may want to add pre-reading measures for the elementary school sample. This 
is especially important for the youngest participants in the current study, first grade students, who had 
very low raw scores across reading-related measures. The current study also did not examine certain 
higher-order cognitive constructs, such as working memory and executive functioning, that may also be 
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related to reading comprehension (Tighe & Schatschneider, 2014a); however other studies have found 
that the relationship between literacy and language factors is generally much stronger than for memory 
skills (Goff, Pratt, & Ong, 2005). 
4.4 Conclusion 
In conclusion, reading related latent factors appear to follow a trend of increased differentiation 
with age. Thus, it appears that poor adult readers do not share the less-differentiated language and written 
abilities of children with the same reading level. More specifically, we found specific patterns of changes 
within and between the relationships between these factors. Specifically, we noted that the relationship 
between reading comprehension and decoding decreased with age for poor readers. In contrast, we found 
no trend for developmental changes in the relationship between reading comprehension and language 
comprehension for poor readers. Lastly, with regard to speed, we found that in our sample, the 
relationship between reading comprehension and speed appeared to decrease with age for poor readers.   
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APPENDICES 
 
Appendix A 
 
 
Figure A1. Bubble plot of the correlation between reading comprehension and non-word decoding by 
age and sample size for poor and typical readers.  
**Note. The area of each bubble represents the sample or sub-sample size from the reviewed studies (n=13).  
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Appendix B 
 
 
Figure B1. Bubble plot of the correlation between reading comprehension and speed by age and 
sample size for poor and typical readers.  
**Note. The area of each bubble represents the sample or sub-sample size from the reviewed studies (n=6). 
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Appendix C 
 
Figure C1. Bubble plot of the correlation between reading comprehension and phonological awareness 
by age and sample size for poor and typical readers.  
**Note. The area of each bubble represents the sample or sub-sample size from the reviewed studies (n=8). 
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Appendix D 
Table D1. Correlation Coefficients for Elementary School Sample 
 
 
 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 
 
1. WRMT PC --            
   
 
2. GORT-4 Comp .67** --           
   
 
3. WRMT WA .72** .55** --          
   
 
4. TOWRE PDE .72** .57** .78** --         
   
 
5. WJ-III RF .82** .66** .59** .67** --        
   
 
6. WRMT WID .89** .66** .76** .72** .83** --       
   
 
7. GORT-4 Acc .79** .68** .63** .71** .85** .80** --      
   
 
8. TOWRE SWE .82** .62** .68** .71** .84** .91** .84** --     
   
 
9. RAN-Colors .34** .25** .26** .31** .36** .34** .34** .41** --       
 
10. RAN-Letters .53** .38** .44** .46** .50** .60** .48** .63** .66** --      
 
11. CTOPP BW .43** .38** .51** .45** .34** .49** .34** .43** .20** .34** --     
 
12. CTOPP Elision .59** .52** .60** .58** .48** .59** .51** .54** .24** .40** .58** --    
 
13. WORD-R MD .52** .49** .50** .49** .43** .53** .44** .49** .21** .37** .45** .44** --   
 
14. PPVT-III .45** .48** .46** .40** .35** .41** .36** .36** .19** .25** .47** .54** .54** --  
 
15. WASI Vocab .48** .48** .46** .45** .36** .43** .36** .37** .14** .27** .35** .44** .55** .65** -- 
*p < .05, **p < .01 
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Appendix E 
Table E1. Correlation Coefficients for Middle School Sample 
 
 
 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 
 
1. WJ PC --            
   
 
2. SRI-2 Comp .53** --           
   
 
3. WJ-III WA .51** .21** --          
   
 
4. TOWRE PDE .51** .17** .75** --         
   
 
5. WJ-III RF .65** .42** .41** .45** --        
   
 
6. WJ-III LW .71** .35** .69** .71** .66** --       
   
 
7. SRI-2 WRA .54** .29** .54** .62** .56** .64** --      
   
 
8. TOWRE SWE .65** .27** .54** .63** .76** .79** .61** --     
   
 
9. RAN-Colors .25** .11** .20** .29** .37** .28** .33** .40** --       
 
10. RAN-Letters .34** .09* .30** .43** .49** .44** .49** .56** .62** --      
 
11. CTOPP BW .12** .23** .19** .10* -.01 .01 .04 -.09* -.01 -.10* --     
 
12. CTOPP PR .31** .26** .46** .46** .15** .37** .34** .20** .14** .13** .30** --    
 
13. WORD-2 FWU .30** .36** .07 -.01 .14** .07 .06 .02 -.03 -.08 .35** .21** --   
 
14. WJ-III OC .25** .43** .01 -.03 .03 -.03 -.04 -.10* -.02 -.12** .38** .13** .54** --  
 
15. WASI Vocab .39** .37** .22** .14** .19** .22** .09* .15** .02 -.02 .22** .20** .42** .45** -- 
*p < .05, **p < .01 
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Appendix F 
Table F1. Correlation Coefficients for Adults 
 
 
 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 
 
1. WJ PC --            
   
 
2. GORT-4 Comp .36** --           
   
 
3. WJ-III WA .25** -.01 --          
   
 
4. TOWRE PDE .18** -.08 .73** --         
   
 
5. WJ-III RF .40** .14* .34** .39** --        
   
 
6. WJ-III LW .35** .11 .59** .51** .38** --       
   
 
7. GORT-4 Acc .23** .01 .38** .39** .39** .31** --      
   
 
8. TOWRE SWE .31** .01 .44** .59** .66** .55** .45** --     
   
 
9. CTOPP-Colors .16* .02 .12 .18** .40** .15* .29** .36** --       
 
10. CTOPP-Letters .10 -.02 .05 .25** .46** .10 .23** .51** .55** --      
 
11. CTOPP BW .13* .14* .37** .23** .11 .14* .04 .05 .06 .01 --     
 
12. CTOPP Elision .21** .20** .52** .35** .20** .29** .11 .16* .10 -.04 .45** --    
 
13. TOLD:3 WO .40** .28** .19** .10 .22** .18** .15** .10 .15* .02 .28** .31** --   
 
14. PPVT-III .35** .40** -.13 -.23** .03 .16* -.07 -.08 -.10 -.15* .04 .01 .32** --  
 
15. Boston Naming .41** .40** -.02 -.09 .09 .21** -.05 -.04 .01 -.11 .19** .13 .38** .77** -- 
*p < .05, **p < .01 
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Appendix G 
 
 
 
Figure G1. Four-factor model of adult reading.  
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Appendix H 
Table H1. Latent Correlations for 6-Factor, 4-Factor, 3-Factor and 2-Factor Confirmatory 
Models for Reading-Related Factors for Elementary, Middle and Adult Groups 
Model Constructs Elem – 
Original 
Elem – 
Modified 
Middle – 
Original 
Middle – 
Modified 
Adult – 
Original 
Adult – 
Modified 
6-Factor RC – LC NC .72** .53** .55** .67** .71** 
 RC – WD NC .99** .85** .85** .51** .52** 
 RC – NWD NC .89** .58** .63** .25** .26* 
 RC – PA NC .76** .47** .51** .39** .39** 
 RC – S NC .55** .38** .36** .13** .14 
 LC – WD NC .59** .07 .07 .16 .06 
 LC – NWD NC .69** .10 .07 -.06 -.06 
 LC – PA NC .76** .61** .59** .18* .18* 
 LC – S NC .36** -.14** -.12* -.19* -.13 
 WD – 
NWD 
NC .85** .83** .81** .75** .63** 
 WD – PA NC .70** .37** .33** .38** .31** 
 WD – S NC .60** .56** .60** .26** .60** 
 NWD – PA NC .80** .71** .69** .68** .67** 
 NWD – S NC .49** .35** .45** .08 .12 
 PA – S NC .47** .04 .08 -.01 .00 
4-Factor RC – LC NC .73** .51** .53** .67** .70** 
 RC – D NC .99** .79** .81** .31** .42** 
 RC – S NC .55** .39** .36** .22* .17 
 LC – D NC .63** .09 .08 -.03 -.02 
 LC – S NC .37** -.14* -.12* -.13 -.13 
 D – S NC .60** .53** .58** .12 .44** 
3-Factor LI – LC NC .65** .18** .15* .04 .05 
 LI – S NC .59** .51** .56** .14 .44** 
 LC – S NC .37** -.14* -.12* -.07 -.11 
2-Factor LC – LIS  .65** n/a .13* n/a .04 n/a 
Note. NC = No Convergence; RC = Reading Comprehension; LC = Language Comprehension; WD = Word 
Decoding; NWD = Non-Word Decoding; PA = Phonological Awareness; S = Speed; D = Decoding (Word 
Decoding, Non-Word Decoding and Phonological Awareness); LI = Literacy (Decoding and Reading 
Comprehension); LIS = Literacy and Speed.   
**p < .001. * p < .05. 
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Appendix I 
 
Figure I1. Three-factor model of adult reading.  
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Appendix J 
 
 
 
 
Figure J1. Two-factor model of adult reading.  
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Appendix K 
 
Figure K1. Six-factor model of middle school reading. 
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Appendix L 
 
Figure L1. Three-factor model of middle school reading.  
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Appendix M 
Language 
Comprehension
Literacy/Speed
.
.74
.71
.56
.40
.76
.76
.39
.04
.39
.72
.78
.90
.73
.87
.13
WJ-III Letter-Word 
Identification
SRI-2 Accuracy
TOWRE SWE
WJ-III Reading 
Fluency
WJ-III Word Attack
TOWRE PDE
CTOPP Blending 
Words
CTOPP Phoneme 
Reversal
RAN-Colors
RAN-Letters
WJ-III Passage 
Comprehension
SRI-2 
Comprehension
WORD-2 Flexible 
Word Use
WJ-III Oral 
Comprehension
WASI Vocabulary
.61
 
 
Figure M1. Two-factor model of middle school reading.  
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Appendix N 
 
Figure N1. Modified three-factor model of elementary school reading.  
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Appendix O 
Table O1. Exploratory Factor Analysis for Adult Sample  
Measures Factor 1 Factor 2 Factor 3 Factor 4 
WJ-III Word Identification .71 .25 .21 .21 
WJ-III Reading Fluency .50 .14 .16 .68 
GORT-4 Accuracy .47 -.02 .15 .35 
TOWRE-SWE .74 -.02 .03 .67 
WJ-III Word Attack .80 .01 .62 .08 
TOWRE PDE .79 -.13 .39 .27 
TOLD: 3 Word Ordering .08 .47 .40 .21 
PPVT-III -.12 .87 -.07 -.05 
Boston Naming -.06 .86 .13 .03 
WJ-III Passage Comprehension .27 .49 .23 .32 
GORT-4 Comprehension -.07 .49 .17 .13 
CTOPP Blending Words .15 .19 .61 .05 
CTOPP Elision .32 .17 .67 .07 
CTOPP-Colors .16 -.01 .16 .63 
CTOPP-Letters .21 -.13 -.03 .74 
*Note. χ2(51, N = 236) = 86.00, p < .001; CFI = .98; RMSEA = .05; SRMR = .03. 
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Appendix Q 
 
Table Q1. Exploratory Factor Analysis for Middle School Sample  
Measures Factor 1 Factor 2 Factor 3 Factor 4 
WJ-III Passage Comprehension .80 .38 .36 .32 
SRI-2 Comprehension .44 .10 .56 .10 
RAN-Colors .33 .18 -.04 .73 
RAN-Letters .48 .29 -.17 .86 
WJ-III Letter-Word Identification .87 .62 .01 .41 
WJ-III Reading Fluency .83 .23 .08 .51 
SRI-2 Accuracy .66 .53 .01 .50 
TOWRE-SWE .89 .42 -.10 .57 
WJ-III Word Attack .59 .81 .06 .28 
TOWRE PDE .63 .82 -.04 .43 
CTOPP Blending Words .26 .57 .26 .14 
CTOPP Phonemic Decoding -.04 .22 .49 -.07 
WASI Vocabulary .25 .14 .56 -.04 
WJ-III Oral Comprehension .01 -.03 .78 -.10 
WORD-2 Flexible Word Use .12 .01 .68 -.07 
RAN-Colors .33 .18 -.04 .73 
RAN-Letters .48 .29 -.17 .86 
*Note. χ2(51, N = 532) = 126.20, p < .001; CFI = .98; RMSEA = .05; SRMR = .02. 
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Appendix R 
 
Table R1. Exploratory Factor Analysis for Elementary School Sample  
Measures Factor 1 Factor 2 
WASI Vocabulary .42 .74 
PPVT-III .38 .78 
WORD-R Multiple Definitions .51 .68 
WRMT Passage Comprehension .90 .63 
GORT-4 Comprehension .69 .61 
RAN-Colors .40 .22 
RAN-Letters .62 .38 
WRMT Word Identification .95 .61 
WJ-III Reading Fluency .91 .46 
GORT-4 Accuracy .89 .49 
TOWRE-SWE .94 .52 
WRMT Word Attack .74 .68 
TOWRE PDE .77 .63 
CTOPP Blending Words .45 .62 
CTOPP Elision .58 .69 
*Note. χ2(76, N = 430) = 632.78, p < .001; CFI = .90; RMSEA = .13; SRMR = .05. 
 
 
 
 
 
 
 
